There is a lack of information on polycyclic aromatic hydrocarbons (PAHs) as environmental pollutants in Saudi Arabia. The current study focuses on the risk assessment of polycyclic aromatic hydrocarbons (PAHs),in the Holy city of Makkah, Saudi Arabia, during Hajj season 1431H. Atmospheric particulate matter was collected using High Volume samplers. Samples of 24h were collected at three sampling sites, Al-Shebakah, Al-Aziziah and Mina. PAH compounds were quantified by using GC. The total PAH concentrations (ng/m 3 ) ranged from 103.5 -195.2 with mean values of 164.67, 137.81 and 132.40 for TSP, PM 10 , PM 2.5 , respectively. The higher percentages of the total carcinogenic compounds were recorded at Al-Shebakah, with a maximum value of 63.5 % in PM 10 . The carcinogenic PAHs, dibenzo[a]pyrene was found at low concentrations. Index Terms-Polycyclic aromatic hydrocarbons, risk assessment, makkah.
I. INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are widely distributed as environmental pollutants and have both anthropogenic and natural sources [1] . PAHs are semi-volatile organic compounds, and present in both gaseous and particulate phases. The partitioning of PAH compounds between the particulate and gaseous phases depends on the atmospheric conditions, the nature of aerosol, the interactions between the compound and the aerosol, and the overall behavior of the compound in the atmosphere [2] .
PAHs are generated through the combustion of fossil fuel and biomass. Combustion sources include automobiles, power plants, industries, burning coal and petroleum, and waste incinerators. In urban and industrial areas, atmospheric PAHs are almost entirely anthropogenic in origin and are produced by high-temperature reactions, such as incomplete combustion and pyrolysis of fossil fuels and other organic materials containing carbon and hydrogen [3] . The major sources of PAHs in urban atmosphere are gasoline and diesel vehicle exhausts, tire wear debris, asphalt particles, re-suspended soils, and power plants [3] . Natural emission sources of PAHs include forest fires and volcanoes.
PAHs have been identified to be one of the major toxic air pollutants, and some of their degradation products have been known as carcinogenic, mutagenic, and allergenic agents to human health [1] .Many studies have focused on PAHs levels, and distribution in suspended particulate matter [4] deposition [5] , road dust [6] and gas phase [7] .
Little attention has been paid to the PAHs compounds in Saudi Arabia. The aim of the present study was to evaluate the concentration levels of PAH compounds in the atmosphere of Makkah city, identify the possible sources of PAHs based on diagnostic ratios of PAH compounds, and evaluate health risks associated with inhalation of PAH compounds.
II. PROCEDURE FOR PAPER SUBMISSION

A. Description of Sampling Sites
The Holy City of Makkah (Latitude 19 25° 21 North Meridian 46 49° 39 ) is at an elevation of 277 m above the sea level, and ~ 80 km inland from the Red Sea. Transportation facilities related to the Hajj or Umrah are the main sources of emissions during the season of Hajj and the month of Ramadhan. . Three measurement locations ( Fig. 1 ) were selected namely: Al-Shebakah, Al-Azizia and Mina, in order to represent different activities and natural factors (Table I) . above the ground level. Before sampling, the glass fiber filters were impregnated in acetone to remove all organic compounds,and stored in desiccators until sampling [9] .
C. Pahs Analysis and Extraction
The filters were dried, and reweighed to obtain concentrations of particulate matter, TSP, PM 10 , PM 2.5 . The filters were stored in dark until analyzed [10] . PAHs were extracted with 10 ml of DCM/n-hexane (1:1), fractionated by column chromatography, and eluted with 20 mL of n-hexane/dichloromethane (1:1, v:v), according to methods previously described [11] .
A 2 μl of the extract was injected on GC-FID, Model HP 6890, equipped with HB5 capillary column (30m x 320μm x 0.25μm). The GC was calibrated with a diluted standard solution of 16 
III. RESULTS AND DISCUSSION
The concentrations of PAHs at the sampling sites are shown in Table II (Fig. 2) . The total PAH concentrations in Makkah city were between 8 and18 times higher than those detected in London, 17.23 ng/m 3 [12] , and Hong Kong ,7.42 ng/m 3 [13] .
PAH compoundswere classified according to the number of aromatic rings into: 2-rings, NAP, 1-MNAP and 2-MNAP; 3-rings, ACY, ACE, FLU, ANT and PHE; 4-rings, FLA, PYR, BAA and CHR; and 5-rings, BBF, BKF, BAP and DBA; 6-ring including BGP and IND, (Table II) .The 3-ring PAHs were the most predominant compounds, ranged between 27.4 -46.4%, 23.3-31.6% and 28.6-47.8%, for TSP, PM 10 and PM 2.5 , respectively (Fig. 3 ). In the present study, the PAHs levels were lower than those found in New Delhi, India [14] , and higher than those found in Taichung, Taiwan [15] . The PAHs levels ranged from 6.46 to 31.7 ng/m 3 at a residential area, nearby traffic road, and 6.52 to 38.8 ng/m 3 nearby commercial and light industrial area, in Hong Kong [16] . All previous studies resulted that vehicular traffic was the major source of PAHs in urban area. Table III shows the diagnostic ratios of PAHs concentrations. The ratios indicated greater contribution of the traffic sources to the ambient concentrations, in Al-Shebakah. The diagnostic ratios of IND/BGP averaged ~ 5 at the all sampling sites, in all dust fractions, indicating that the main source of PAHs is diesel vehicle. BGP/IND ratios averaged ~0.83, these ratios displayed high percentage of petrol and diesel engines in all sampling sites. However, IND/ (IND+BGP) ratios averaged ~ 0.85 for TSP, PM 10 and PM 2.5 in all sampling sites. The obtained ratios were close to the oil combustion ratios, 0.36-0.57, reported in China [17] . The calculated ratios of BAA/(BAA+CRY) ranged between, 0.6 and 1.0, for TSP, PM 10 and PM 2.5 in all sampling sites. These findings are similar to ratios which were measured for diesel engines, 0.38-0.64 [4] , and industrial areas, 0.23-0.89 [17] .
Typical combustion origin PAHs can be indicated by CPAH species (combustible PAHs species; FLT, PYR, BAA, CRY, BBF, BAP, BGP and IND).
The CPAH/ΣPAH ratios at sampling sites for each PM fraction are shown in Table IV . The CPAH/ΣPAH ratios ranged between 0.51 and 0.71, 0.66 and 0.74, and 0.54 and 0.59, for TSP, PM 10 and PM 2.5 . These results agree with those found for non-catalyst equipped automobiles and heavy-duty diesel trucks [78] .
BAA, BBF, BAP, DBA and IND are probably considered human carcinogens, whereas ACY, ANC, BgP, FLA, PYR and FLU are not classified as promoters of cancer risk [18] . In the current study, the total carcinogenic compounds, BAA, BBF, BAP, DBA and IND, and ΣPAH for each PM size-fractionatthe sampling sites are shown in Fig. 4 . The higher concentrations for the total carcinogenic compounds were shown in Al-Shebakah for TSP and PM 2.5 , in Al-Azizia for PM 10 , as a consequence of high traffic density. 
IV. CONCLUSION
The present study confirms the contribution of vehicular traffic, industrial emissions and the incomplete combustion of open waste burning to atmospheric PAHs. The pollution of PAHs in Makkah city should be managed on controlling traffic exhausts. Further work is needed to develop this preliminary investigation, including more measurements in other locations. Typical environment in Saudi Arabia of high temperature and relative humidity, coupled with abundant sunshine, may result in different chemistry of PAHs from that of other geographical regions.
